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^ ] Abstract 

■ In some models with infinite extra dimensions, gauge fields are localized 

CN . on a brane by gravity. A generic property of these models is the existence 

^ I of arbitrarily light bulk modes of charged fields. This property may lead 

^B^' to interesting low-energy effects such as electric charge non-conservation 

^ . on the brane (decay of electron to nothing). One may worry that light 

^ I charged Kaluza-Klein modes would lead to unacceptable phenomenology 

due to their copious production in, e.g., electron-positron annihilation 

and/or their contribution to QED observables like anomalous magnetic 

moments. We argue, however, that both loop effects and production of 

^ ' light charged Kaluza-Klein modes are suppressed due to screening effect 

CN ■ of gapless spectrum of bulk photons. 
'nI" ■ 

^ ' An idea that we may live on a domain wall in a mult i- dimensional space § 

O ■ has been revived recently, with emphasis on gauge hierarchy problem [0, |^. A 

^ . particularly noteworthy development of the brane world idea is the possibility 

I ' to localize gravitational field on a brane in a theory with infinite extra dimen- 

Q I sion 1^; this became an alternative to the Kaluza-Klein (KK) compactification 

^ ' (see Ref. for a review). 

^ ■ A phenomenologically viable implementation of the latter idea should involve 

^ . a mechanism of the localization of gauge fields on a brane. While a number of 
field theoretical models aimed to solve this problem were proposed R, Bl pl (see 



> 

in 



also Ref. [|10[ for discussion of general properties of such models), it is tempting 
to use gravitational field of the brane itself to localize gauge fields, thus providing 
a universal mechanism for localization of gauge fields and gravity. 

While there is no localized gauge field in the original Randall-Sundrum model, 
one can slightly modify this setup by adding extra warped compact dimensions to 
obtain a normalizable photon zero mode [0, |12|. Due to this mode, interactions 



of charged particles residing on the brane are described, at the classical level, by 
four-dimensional Maxwell's electrodynamics, up to small power-law corrections 
suppressed by the ratio of energy to the inverse adS radius k. 

One may expect a number of new effects in this setup. Indeed, a generic 
property of models with warped infinite extra dimensions is that the spectrum 
of bulk modes of all fields starts from zero four-dimensional mass irrespectively 
of the mass of the localized mode. As a result, massive brane particles in these 



models are metastable resonances in the continuous spectrum of bulk modes 



Decay of such a resonance, i. e. escape of a particle from the brane, would show 
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up, from the point of view of an observer on the brane, as hteral disappearance of 
the particle. Of particular interest from both theoretical and phenomenological 
points of view would be a possibility for charged particles to escape from the 
brane. The processes like decay e~ — > nothing would be a convincing signature 
of infinite extra dimensions [|T2| . 

This proposal may appear controversial from both classical and quantum 
points of view. On the classical side, causality and four- dimensional Gauss' law 
appear to forbid electric charge non- conservation. This apparent discrepancy 
is resolved by the fact that electric charge is conserved in the complete multi- 
dimensional theory. Namely, a charged particle escaping into the bulk leaves 
behind a spherical wave of electric field on the brane. This wave wipes out the 
four- dimensional Coulomb field on the brane in a causal manner |12[ (see also 



Refs. [14, 15 1 where gravitational analogue of this phenomenon is discussed). An 
equivalent description of the same process, inspired by the adS/CFT correspon- 
dence, would be to say that the charged particle decays into spherical cloud of 
charged ( quasi- )conf or mal matter (cf. Ref. |TB|). 

Problems with this scenario appear much more severe at the quantum level. 
These are related to the observation that successful localization of gauge field 
necessarily implies charge universality [|1^]. In particular, the bulk modes of 



the charged fields interact with the localized photon at the same strength as 
the brane modes. Then one may worry that the existence of light bulk modes 
may be phenomenologically unacceptable because of their loop contributions into 
precision QED observables and/or their copious production in various processes 
like, e.g, e^e~-annihilation. 

The purpose of this note is to discuss this issue in some detail. We will argue 
that it is possible to have light bulk modes of charged fields (so that electron dis- 
appearance is allowed) without disastrous loop effects or overproduction of these 
modes in the processes like e"^e~-annihilation. The corresponding suppression 
is due to the continuum of bulk photon modes which "screens" the interaction 
between charged bulk modes and charges residing on the brane. 

To be specific, let us consider a model for the localization of gauge fields 
suggested in Refs. |Tl|, |T^. One begins with the solution to (4+n+l)-dimensional 
Einstein equations, 

= ^TTmr ("^^^ ~ ~ I? ^'"^^^ ' '^^') 

where 9i e [0, 2n] are compact coordinates, Ri are radii of compact dimensions 
and k is the inverse adS radius determined by the bulk cosmological constant. 
There is a single brane located at ^ = 0. The only difference between this metric 
and the Randall-Sundrum metric is the presence of extra compact dimensions 
9i. These dimensions are added for obtaining a localized zero mode of the gauge 
field. In what follows we assume that their radii Ri are the smallest length scales 
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involved, so all fields are taken independent of 6i. The inverse adS radius k is 
assumed to be the largest energy scale involved. 

Let us now introduce the U{1) gauge field propagating in the background 
metric (^. With appropriate rescaling, the effective action for ^-independent 
gauge field is 

where indices are raised and lowered by the metric of fiat (4 + l)-dimensional 
Minkowski space-time. We assume that there are no currents along compact 
dimensions and disregard Aq. components of the vector field, so that a,/? = 

o,...,3,e. 

As discussed in Refs. |Tl], |12[, for n > there exists a localized zero mode 



Af{i) = const 

(/i = 0, . . . , 3). Also, there is a continuous spectrum of bulk modes with four- 
dimensional masses m starting from zero. 

To study (apparent) charge non-conservation in this setup we introduce light 
charged fields both on the brane and in the bulk. One way to do this |l^ is 
to introduce a single charged fermion field ip. One finds the following effective 
action for the 6'-independent field, 

Sferm = j did^X^\^ [l^^^ - ^^"^ ^ ^\ hign{i) + , (3) 

where Va includes spinor connection corresponding to metric @) and minimal 
interaction with the photon field A^- A term ^7^sign(^) comes from the Oi 
components of spinor connection. To localize the fermion on the brane, we have 
added Yukawa-type interaction y(pk{Oi'i' with the background scalar field 0^(0; 
having kink profile, 

MO = ^^sign(0 . 
It is convenient to introduce rescaled fermion field 

xio ^ a + mr^'-^'m ■ 

The action for the rescaled field takes the following simple form 

Sferm = J d^d'x [x^l''V^X + f^J^^x) (4) 

where Pq, is flat space covariant derivative, which includes the field Aq,. 

It is straightforward to check that a left-handed fermion zero mode localized 
on the brane and gapless continuum spectrum are present in this setup [|^, p!3[] . 



Following Ref. |T3 one can introduce small mass for the localized mode; the 
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continuum will still start from zero whereas the massive brane particle will decay 
into light continuum modes, i.e. escape from the brane. From the point of view of 
four-dimensional observer, the latter process would show up as (apparent) charge 
non- conservat ion . 

One remark is in order. The prefactor g'^{l + k\C,\)'^'^^ in Eq. (0) may be viewed 
as the ^-dependent coupling constant. It increases towards large |^|, so once the 
charged bulk fields are introduced, the theory becomes strongly coupled at large 
1^1 . We proceed under assumption that the overall features of the spectrum 
remain unaffected by gauge interactions: there are light bulk fermions which are 
capable of moving towards large |^| and whose mixing with brane electrons makes 
the latter unstable against the escape into extra dimension. 

The problem we would like to discuss exists already in the massless case. 
Namely, if one performs Kaluza-Klein decomposition of the fermion field, one 
finds that interactions of the photon zero mode with the localized fermion mode 
and with fermion modes from the continuum are of equal strength. A clear way 
to see this is to put a system in a large box of size L in the ^-direction. Then the 
effective charge Qeff describing the interaction between the photon zero mode and 
a Kaluza-Klein mode with the wave function xiO proportional to the overlap 
integral 

9eff ^ l_^d^A(;\omx{o ■ 

In our case, the photon zero mode aI^\^) is constant, so this integral reduces just 
to the normalization integral for the wave function xiO ^^^1 leads to one and the 
same value of the effective charge irrespectively of the profile of the wave function 
xiO (charge universality). Were this the whole story, one would face complete 
phenomenological disaster: besides the zero fermion mode aimed to describe the 
four-dimensional electron there is a plethora of arbitrarily light particles (Kaluza- 
Klein modes) of the same charge. The latter would make strong contributions 
to precision QED observables and would be copiously produced in the processes 
like e"'"e~-annihilation. 

However, there is also gapless continuum spectrum of photon bulk modes. 
The corresponding wave functions are small at ^ = 0, but grow towards large 
1^1 . Consequently, these modes interact weakly with the localized fermion, but 
their interaction with bulk fermion modes is quite strong. The main observation 
of this note is that in a certain regime, the latter interaction screens the effect of 
the photon zero mode, thus leading to phenomenologically acceptable results. 

To be specific, let us study the annihilation of e"^e~-pair on the brane into 
bulk modes (the issue of loop effects is simpler, as we discuss in due course). 
From the above discussion it is clear that the Kaluza-Klein decomposition is not 
an adequate tool to study this process, as the couplings between bulk photons 
and bulk fermions are badly IR divergent due to the growth of the corresponding 
wave functions as |^| — >■ cx). A way to soften this "strong coupling" problem is to 
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work with propagators in the ^-coordinate representation instead of performing 



the Kaluza-Klein decomposition (cf. Ref. fT^, |T8|). 

To avoid unnecessary technical difficulties and to make the underlying physics 
more transparent we simplify our setup further. First, instead of the bulk vector 
field Aa we consider scalar field A. Further, instead of considering the bulk 
charged fermion field we introduce an additional (tensionless) brane at ,^ = 
and assume that the field content of our toy model consists of the scalar bulk 
field A[x,C,) ("photon"), fermion field e{x) ("electron") living on "our" brane at 
^ = and fermion field b{x) ("brother electron") living on the second brane at 
^ = ^0- Then the action takes the following form 



S = / d^xd^ 



+5{i)Aee + 5{i~i,)Ahh\ (5) 

It is instructive to study first the same model in fiat space, = 0. Then 
the photon zero mode is absent, so physics on the brane at ^ = is not four- 
dimensional even in the absence of the field b{x). However, one may still ask 
whether introducing 6-particles changes physics at the ^ = brane, i. e. whether h- 
particles affect cross-sections of processes at the ^ = brane, like e"'"e~-annihilation 
into the bulk or into e+e~. 

Physically, due to locality, it is clear that one should not see the new particles 
in "hard" processes with characteristic momenta p 2> ^q^. To make this state- 
ment precise, let us consider the Kallen-Lehmann representation for the photon 
propagator on the ^ = brane, 

{TA{^-p)A{i'- -p))|^=^,=o = jds 0-^ (6) 

where, as usual, p{s) is proportional to the total cross section of e"'"e~-annihilation. 
The contribution of the field b{x) to this propagator comes from the diagrams 
of the type shown in Fig. 1. Taking into account the explicit form of the free 
propagator G'o(C)C'jP) ior the field A{x), 

Go(«»-(^— (7) 

we see that this contribution is exponentially small, 

{b - loops) oc exp {-2\p\^o) , (8) 
at "large" Euclidean momenta, 

IpI^o > 1, < . 
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Figure 1. 



This means, in the first place, that contributions of 6-particle loops into processes 
on ^ = brane are exponentially suppressed, i. e. anomalous magnetic moments. 
Lamb shift, etc., are unaffected, provided that rrie^o ^ 1. This property persists 
in warped models with localized photon (cf. Ref. ||17||). 

The situation with the production of 6-particles is more subtle. In terms of 
the quantity of interest — spectral density p{s) — the exponential suppression of 
the diagrams of Fig. 1 at "large" Euclidean momenta implies that the corrections 
to p{s) due to 6-particles have the form of rapid oscillations 

6p{s) oc acos{2^/sC,o) + bsm{2^/s^o) (9) 

at large values of y/sC,o- Consequently, additional terms in the e"'"e~-annihilation 
cross-section also have the oscillating form. In the flat space model we discuss at 
the moment, the oscillatory behavior (P) is the only reason of why 6-particles are 
harmless for large enough rapidly oscillating contribution into the annihilation 
cross-section is impossible to detect provided the incoming electrons have an 
energy-momentum spread larger than ^q^. We will see that in the original model 
with warped space and localized photon, e+e~-annihilation into bulk modes is 
additionally suppressed. 

Let us proceed with fiat space model and illustrate the general reasoning 
leading to Eq. (H). Let us study the diagrams of e"'"e~-annihilation directly, to 
the lowest orders of perturbation theory. In the absence of the field b{x), the 
dominant channel of e"'"e~-annihilation into the bulk is the process e~^e~ —>■ 7. 
This process is kinematically allowed, since there is no momentum conservation 
along the ^-direction. The cross-section for this process is determined by the 
diagram shown in Fig. 2 and is equal to 

ao(e+e- ^ ^buik) = An^g^E (10) 
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Figure 2. 



where E is the center of mass energy. As there is no locahzation of the gauge 
field in fiat space, this cross-section is not suppressed relative to the cross-section 
of e~^e~ e"'"e~-annihilation, given by 

a(e+e- ^ e+e") = ng^A . (11) 

Let us now study what happens when 6-particles are added. Now one has a 
new channel for e"'"e~-annihilation into the bulk — annihilation into the 
pair. The leading order contribution to this process comes from the diagram 
shown in Fig. 3 and the corresponding cross-section is equal to the cross-section 
of e+e~ — > e+e~, 

(T(e+e" ^ 6+r) = 7r^V4 • 

Naively, this result contradicts our general statement that the correction due to b- 
particles should have oscillatory behavior, Eq. (|^). To see what actually happens, 
we recall that from the point of view of the observer on the ^ = brane, e+e~- 
annihilation into 6+6" is indistinguishable from e'^e^ Ibuik, as this observer 
cannot detect 6-particles or bulk photons. Consequently, an observable quantity 
is the sum of a{e~^e~ — >• ■jbuik) and a{e~^e~ b'^b~). The former cross-section 
itself acquires loop corrections due to 6-particles. Working consistently to order 
g^, we should take into account the one-loop diagram shown in Fig. 4. It produces 
the energy-dependent multiplicative "renormalization" of the tree cross section 

(0), 

q'i-/oop(e"^e~ ■ybuik) _ 
aoie+e- -fbuik) 

IdTT loTT loTT^ 
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Figure 3. 



where we used dimensional regularization and fiuv is the normahzation scale. 
Here the last two (oscillating) terms are corrections to the cross-section to emit a 
photon with negative momentum along the ,^-direction. The origin of oscillations 
in these terms is quite clear physically. Qualitatively, these terms are due to the 
interference between the photon emitted from the ^ = brane towards negative 
^ and the photon which was originally emitted with the positive momentum but 
reflected from the second brane at ,^ = ,^o- 

The second term does not oscillate. This term is the one-loop correction to 
the cross-section of the emission of the photon with positive momentum along 
the ^-direction. It is straightforward to see that this term exactly cancels the 
cross-section of e"'"e~-annihilation into the 6+6~-pair in the physically interesting 
quantity — the inclusive cross-section of e"''e~-annihilation into the bulk. This 
cancelation is precisely what we have anticipated from the unitarity argument. 

So we see that the physically interesting quantity — inclusive cross-section 
of e'*"e~-annihilation into the bulk receives multiplicative corrections due to b- 
particles. The overall factor differs from unity by a rapidly oscillating function 
of energy; to the order one has 

<^tot{e^e.~ bulk) = (Jo(e+e" %uik) x 

Similar result holds for other processes, for instance, e"'"e~-annihilation into e"'"e~. 

Let us discuss now what changes in the warped space, when the localized 
photon mode is present. First of all, because of the locahzation, the tree-level 
cross-section of e"'"e~-annihilation into the bulk photon is suppressed relative to 
the cross-section of the annihilation into e'^e~ pair. Indeed, the former cross- 
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Figure 4. 



section is equal to 

(To(e+e" 

where 



Ibulkj 



N,.,{E/ky + J,.i{E/kyE'' 



-=1+2 



(14) 



while the latter has the standard four-dimensional behavior aX E <^k, 



o"o(e e e e 



H^u\E/k) 



Hi'\{E/k) 



41,2 



Txg k 



(15) 



Consequently, assuming that the effective four- dimensional coupling constant 
gk^^"^ is not too small, we see that e+e~-annihilation into a bulk photon is sup- 
pressed by a factor 



Ihulk j 



a{E/k) 



1 



N,.^{E/ky + J,.^{E/kf 



oc 



E 



2u-2 



■ (16) 



Now, the photon propagator Ga{0,C,;p) from the ^ = brane to ^ = C,o brane 
has the following form 



i {l + kjoY Hi^\p/k + pi, 
{2txY 2p Hl'\{p/k) 



GA(o,eo;p) 



(17) 



This propagator is again exponentially suppressed at relatively large Euclidean 
momenta 
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so the contributions of 6-particles into precision QED observables are again expo- 
nentially suppressed at ^ ™e^- Furthermore, the general argument based on 
the spectral representation of the photon Green's function still applies to e^e~- 
annihilation into b^b~. Let us elaborate on this argument a bit more. In the 
Abelian theory, the only contribution (besides e^e~-loops) into the photon Eu- 
clidean two-point function, the left hand side of Eq. (|^), which is not suppressed 
by exp(— 2|p|^o)) comes from the free photon propagator itself. The correspond- 
ing contribution into the spectral density p{s) is due to the small tree-level cross 
section cTo(e+e~ 'Jbuik), see Eq. (|l^). 6-particle loops in the Euclidean two-point 
function all involve at least two propagators ([I7|), so they all have exponential 
behavior (^) in the Euclidean domain, which corresponds to the oscillatory be- 
havior of the spectral density. One immediately concludes that the inclusive 
cross section of e"'"e~-annihilation into bulk particles has the form 

o'tot{e~^e~ bulk) = ao{e~^e~ 'jbuik) + (oscillating terms) . 

Since this cross section is positive, the amplitude of oscillations should not exceed 
ao{e~^e~ 'jbuik)- We thus argue that the full inclusive cross section should be 
suppressed, relative to e~^e~ e~^e~, by the same factor {E/k)'^'^~'^ as the tree- 
level cross section of e+e" ibuik- 

Let us see how diagrammatics for the cross section of e"'"e~-annihilation into 
bulk particles works in the warped space. In this case the cross-sections of e+e~- 
annihilation into e'^e~- and 6^6~-pairs are no longer equal to each other. Instead, 
their ratio is 



(T e ' e 



0" e^e — s> e^e" 



Hl'\E/k) 



1 + k^oY" (18) 



At small ^0 this ratio approaches unity as it should be, while at large values of 
it equals {E^qY'^ up to a numerical coefficient of order one. So, naively, the cross 
section of e"'"e~-annihilation into 6-particles is even enhanced in warped space 
relative to the annihilation into the usual electrons. However, the observable 
quantity is, as before, the inclusive cross-section of annihilation into the bulk. 
To the order g"^, the latter is the sum atot of the cross-section (|T^) and one-loop 
improved cross-section o"(e+e^ Ibuik)- One finds that its ratio to the tree- level 
cross section ( |14|) is 

atot{e+e- ^ bulk) _ ^ ^ g'kjl + fc^o)^'^ 
(To(e+e~ 7) 32 
[f{E/k) {Nl{E/k + Ei,) - Jl{E/k + Ei,)) + 

g{E/k) {K{E/k + E^o)ME/k + E^o))] (19) 



Here 



f{E/k) = ^a{E/k) {K_^{E/k)' - J,_i(E/A;)2+ 
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27r In EyfiljyN,.,{E/k) J,.i{E/k)) 

and 

g{E/k) = ^a{E/k) (AN^^^iE /k)J,_,{E /k)~ 

2Ti\nE^/lily {K_,{E/kf - J,_,{E/kf)) (20) 

are smooth functions of energy, which are both small at E/k <^ 1. We see that 
at large ^o, the inclusive cross-section of e+e~-annihilation into the bulk particles 
is again modified by a multiplicative factor, which differs from unity by a smooth 
function of energy times a rapidly oscillating function, 

q'tot,i-;oop(e+e~ bulk) _ 
(To(e+e- 7b„;fc) 

1 - ^'^^^^^'^1^^'^"^ ^°^2i?eo + IgiE/k) sin2^eo') • (21) 

igttE^o V 2 y 

In spite of the smallness of functions f{E/k) and g{E/k), the oscillating terms 
in Eq. ( pi]) appear to be large due to the fact that the effective coupling constant 
at the ^ = ^0 brane is equal to gk^/'^{k^QY . Clearly, this is an indication that one 
cannot trust the perturbative calculations of the coefficients in front of cos 2E^q 
and sin2£'^o in Eq- (0)- The unitarity argument together with diagrammatics 
suggest that the complete cross section has the general form 

<7tot(e^e" hulk) = 

ao(e+e- ^buik) X (1 + fr{E/k) cos2Eeo + gr{E/k) sin2E^o) (22) 

with coefficients gr and always smaller unity. The suppression of e^e^-annihilation 
into the bulk valid in the absence of bulk fermions should hold after these fermions 
are taken into account. 

Clearly, the general argument based on the spectral representation applies not 
only to the two-point Green's function (relevant to the annihilation processes) but 
to more general Green's functions as well. One may still worry that 6-particles 
may dramatically enhance bremsstrahlung of very soft photons, E < ^q^, into 
the bulk. Such an enhancement will certainly be avoided if 6-particles are given 
a mass fi ^ ^q^^. This mass may be quite small, so that electron decay is still 
possible, yet 6-particles decouple at energies below fi, and do not contribute 
into bulk photon bremsstrahlung at E < ^q^. A more elegant way to avoid the 
dangerous enhancement of bulk photon bremsstrahlung is to consider the genuine 
bulk field described by the action (^) instead of 6-particles living on the additional 
brane. Then, if one takes the Yukawa coupling y large enough, 

yv 

^— > 1 

k 
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the wave function of a bulk fermion mode with four-dimensional mass /i is un- 
suppressed only at ^ ^ more precisely, at 

kfjL 

The Euclidean photon propagator with |p| > /x is exponentially small in that 
region, so the above suppression mechanism works for all bulk momenta. 

It is worth noting that our general argument does network in the non-Ahelian 
case. Indeed, in that case self-interaction of vector fields becomes important pre- 
cisely at the same values of ^ where the Euclidean gauge field propagator starts to 
decay exponentially. Hence, it is unclear whether the setup @) is suitable to lo- 
calize non-Abelian gauge fields in a phenomenologically acceptable way. Perhaps, 
one can try to solve this problem by tuning the profile of the warp factor. 

To conclude, let us point out an analogy between multi-dimensional mod- 
els discussed in this note and purely four-dimensional models with charge non- 
conservation. The discussion of whether electric charge may not be exactly con- 
served has long history and the conclusion is that even tiny non-conservation 
of electric charge leads to contradiction to low-energy tests of QED unless mil- 
licharged particles are introduced |^ ^ (see, however, Ref. @]). Mil- 



licharged particles appear "naturally" in models with two massless Abelian gauge 
bosons A]j^ and |]25|. In that case, mixing in kinetic term, eF^^^F^^, may be 



introduced. To see that this term indeed gives rise to particles with small (pro- 
portional to e) charges, it is convenient to work in the basis where photon 7 is 
a linear combination of and A^ interacting with ordinary quarks and leptons, 
and the second gauge boson 7' (paraphoton) is another linear combination, such 
that the kinetic term for gauge fields is diagonal. Then "shadow" matter charged 
under A^ gauge field interacts with physical photon with strength proportional 
to e. 

To see the link between the model with paraphoton and multi-dimensional 
models, let us consider a different orthogonal basis for gauge fields in the former 
model, namely, introduce fields 

A^ = A^±A^. 



In this basis, the interaction of the "photon" A^ with shadow matter is of the 
same strength as its interaction with normal matter (up to a correction of order e). 
However, the interaction between shadow and normal matter is very weak due to 
the screening effect of A~ . Now the analogy between the model with paraphoton 
and mult i- dimensional models is transparent — the photon zero mode plays a role 
of A"*", while bulk photon modes collectively play a role of 74~-field0. Analogs of 
millicharged particles are the bulk modes of electron. 

^It is worth noting that the analogy is not complete, as the ^^-field interacts at equal 
strength with normal and shadow matter, while bulk photon modes interact weakly with lo- 
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This analogy stresses the point that the real physical photon created by brane 
matter is not a bare Kaluza-Klein zero mode but a certain energy- dependent 
admixture of the zero mode and bulk modes. There is one more aspect of this 
analogy: a holographic interpretation of the brane image of a charged particle 
moving in the bulk would be a charged cloud of (quasi-)conformal matter. This 
cloud has a clear analogy to a cloud of millicharged particles, into which an 
electron would decay in paraphoton models. 
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Russian Foundation for Basic Research, grant 02-02-17398, and Swiss Science 
Foundation grant 7SUPJ062239. The work of S.D. has been supported in part 
by the INTAS grant YS 2001-2/128. 
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